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Mass spectra of seven isomeric hexen-1.olg have been determined
in order to detect any correlations between fragmentation patterns
and molecular structure. The louble bond isomers have proved to be -
easily recognizable by their different base peaks. The mass spectra,
of the corresponding cis and trigns isomers are in general very similar,
Some differences between the spectra of the geometric isomers of 2-
and 3-hexen-1-ols exist, however, which are sufficient for qualitative
analysis. Gas chromatographic retention times for the isomeric hexen-
1-ols are given.

of the mass spectrometer for distin ishing geometric isomers. McLafferty 2
has found that in the mass spectrum of cis 1,2-dichloroethylene the intensity
of the rearranged Cl,* jon is about |5 times greater than in the spectrum of
the trans isomer, showing that therp i

energy. Natalis 3 has observed that
substituted derivatives of cycloalkanes is less stable than the corresponding
i e derivativeg 4 (I) no difference in sta.
bility is observed between the cis an trans isomers if R, and R, are methyl,
ethyl or isopropyl groups. If one of the radicals is the terz, butyl group, however,
the abundance of the molecular jon js 10— 20 % greater in the trans isomer,
and if both radicals are tert. butyl groups the parent ion intensity is about 7
times stronger in the trans isomer,



DISCUSSION

It was, unfortunately, not|possible to derive as much information from the
results of this work as had been hoped. The findings offer a clear illustration
of the experimental problems and difficulties of interpretation involved in the
application of radioisotope exchange methods to systems of this type.

One of the primary difficulties involved was the preparation of suitable
barium sulfate precipitates for counting at infinite thickness. Coprecipita-
tion and the absorption of moisture tended to “dilute” the counts, and results
tended to be somewhat erratic. The presence of two phases presented a fur-
ther problem, and the faster rates of exchange are almost certainly influenced
by diffusion rates, thus making it difficult to obtain reasonable estimates of
the rates of the exchange piocesses themselves. The long periods of time
involved and the difficulties of maintaining equilibrium, with respect to the
distribution of sulfate other than 35S in the system, added further difficulties
to the interpretation. In view of these observations too much emphasis must
not be laid on the results obtained, and the values of ¥ and the proportions
exchanging at the different rates given in Table II must only be regarded as
rough estimates.

It seems reasonable to assulme that three exchange processes are involved,
the first instantaneous and re resenting ionic sulfate, the second with a half
life of a matter of minutes, and the third much slower and taking at least 10
days to approach equilibrium. Fialkov and Nazarendo (7) studied the ex-
change of sulfate in chromic sulfate solutions by a similar technique and re-
port values for t*¥ of 1200 minutes at 20°C., decreasing to 270 minutes at
30°C. The rate of exchange|increased with basicity to give values of #*
of about 600 minutes at 509, asicity and 20°C. With basic solutions there
was also a faster exchange with #*% of 20-30 minutes, which they suggest is due
to exchange of sulfate in complexes containing hydroxyl groups. The slower
of these exchange rates would |appear to correspond to the second of the ex-
changes in the present investigation. Their experiments were not continued
over long enough periods to determine whether there was a further much slow-

er exchange.

If both the slow rates do ivolve complex-bound sulfate, as seems prob-
able, it would mean that in Experiment II up to 60%, of the total sulfate in the
untreated leather is in the complex, i.e., approximately 1 mole of sulfate for
every mole of chromium, and half of this is more firmly held than the rest.
If this could be substantiated, it would offer some interesting possibilities
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The mass spectra of the corresponding cis and trans isomers are very similar,
as is to be expected. After the electron impact the molecular ion isomerizes
very readily, so that differences between the geometrical configurations
disappear. Small differences, however, are to be seen in the spectra of the
geometric isomers of 2- and 3-hexen-1-ol. The peaks with mfe = 41, 67, and
82 appear in the spectrum of ¢is hex-2-en-1-ol in somewhat greater intensity
than in the spectrum of the trans isomer. In the spectra of cis and frans hex-3-
en-1-ol the intensity ratio of the peak mfe = 67 and m/e = 69 is quite different.

The differences in the abundance of the molecular jon of cis and trans
isomers are very small in comparison with the possible experimental errors.
The parent peak seems to be somewhat more intense in the spectra of the trans
isomers. This is a consequence of different rates of decomposition and may
be due to the formation of a “’cyclic. intermediate” (II, for example by cis
hex-2-en-1-ol) in the case of the ¢ isomer, sterically favouring the loss of
water from the molecular ion.? :
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In the present investigation the mass spectra of seven isomeric hexen-1-
ols ® were determined with a mass spectrometer (Modified CEC Model 21-401)
under the following conditions: 70 V electrons, an ionizing current of 100 HA
and ion source temperature of 250°C and a sample inlet system developed in
this laboratory.® To ensure purity, the samples were first subjected to gas
chromatography. The retention times of the various isomers are presented

in Table 1.

ic hexen-1-ols (Fig. 1) to some extent resem-
bles the spectra of saturated alcohbls. Typical peaks corresponding to the loss
of mass 18 (water) and the loss of mass 33 (water and a methyl group), and
likewise the fragment at mass 31 ("CH,OH), are visible. In the 2-, 3-, and 4-
hexen-1-ols the molecular ion is presens in an intensity of 0.2—0.9 9, of the
total ionization, whilst in hex-5-¢ -1-0l and hexen-1-0l! the intensities are
only 0.015 9, and 0.011 % respectively. This is a consequence of the stabiliza-
tion effect of the double bond. So differences are seen, however, in the mass
spectra of the double bond isomers,| All have different base peaks; for 2-, 3-, 4-
and 5-hexen-1-ol the respective mje’s are 57, 41, 67, and 54. The formation
of the peaks, such as mle = 617, 57,55, and 41, can only be interpreted as due
to rearrangement of the molecular ion. The mass spectrum of hex-5-en-1-ol
most nearly resembles the spectrum of the corresponding saturated alcohol,!
which very readily loses the neutral fragment 46 (ethanol) and forms the ion
mfe = 31 (*CH,OH) at the electro impact. In the spectra of the other iso-
mers these peaks, m/e = 31 and 54, occur at a considerably lower intensity.

The formation of the peak at mass 41, which is very intense in the spectra
of all the isomers, can be assumed to be due to simple cleavage of the 5-isomer.
The resonance stabilization of this io (*CH,—CH=CH,, «> CH,=CH—CH,*)
increases the probability of the fragmentation of a carbon-carbon bond B to a
- double bond.” In all the other isomiers this fragment is brought about by a
rearrangement process. _ ;

The peak at mass 57 (CHy") l’tch&racteristic of hex-2-en-1-ols. It is a

a

peak typical of alkanes, and is probably formed by the fragmentation of the
molecular ion between the carbon atoms 2 and 3 after the shift of the double
bond to the position 1,2. '

Table 1. Retention times (in minutes) of seven isomeric hexen-1-ols.

Substance ' Column a Column b
cis Hex-2-en-1-0l 18.0 . 23.9
trans Hex-2-en-1-ol 17.5 23.2
cts Hex-3-en-1-ol 16.2 21.8
trans Hex-3-en-1-0l 12.5 19.9
cis Hex-4-en-1-ol 17.8 25.3
trans Hex-4-en-1-ol 17.5 23.5
Hex-5-en-1-0l B 15.8 23.4

Column a: Polyethylene glycol-6000, O 6 » 300 cm, 150°C, with a N, flow of 30 ml/mm
Column b: Polyethylene glycol-1500, O 4.5 mm, 600 cm, 175°C, with a N, flow of 45 ml/min.
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